ABSTRACT Evidence from various systems suggests that thymus-derived lymphocytes can affect the quality of antibody responses by recognizing various portions of the immunoglobulin receptor of bone-marrow-derived thymus-independent lymphocytes. A model for this process is proposed involving two antigen-specific mature T helper cells, one of which also is specific for immunoglobulin determinants. These two cells act synergistically. Evidence from adoptive secondary antibody responses demonstrates that both cells are antigen-specific T cells and that the immunoglobulin-recognizing T helper cell is absent from experimentally agammaglobulinemic mice. This cell is termed an "immunoglobulin-dependent T cell" because its activation requires the presence of immunoglobulin.
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Antibody responses to most antigens involve the cooperation of thymus-independent lymphocytes (B cells) and thymusdependent lymphocytes (T cells). Anti-hapten antibody responses to hapten-protein carrier conjugates involve antibody production by hapten-specific B cells; this response requires the cooperation of carrier-specific "helper" T cells (1) (2) (3) . Although it has long been accepted that helper T cells must have specificity for carrier antigenic determinants, recently such cells have also been shown to recognize determinants encoded in the I region of the animal's own major histocompatibility complex (4) (5) (6) . Even more recently, evidence from many experimental systems has suggested that helper T cells may also recognize the Ig determinants of B cells during this interaction (6) (7) (8) (9) (10) (11) (12) . Evidence for these various types of recognition by T cells was recently summarized by Paul and Benacerraf (6) .
The ability of T cells to recognize B cell Ig determinants has been demonstrated by examining the quality of the antibody response. In this way, it has been shown that helper T cells can affect the class or isotype of the antibody produced (7), its allotype (8) , its charge (9, 10) , its affinity (11), and its idiotype (12) .
If helper T cells comprise but a single class of cells, the above evidence would suggest that they are able to recognize at least three distinct moieties on the B cell surface during cell cooperation: antigen, Ig, and I-region encoded markers. However, we have previously presented data suggesting that helper T cells, as commonly prepared by in vivo immunization, consist of at least two synergizing, carrier-specific populations (3, 13, 14) . In this report we propose that both of these putative helper cells are mature, carrier-primed T cells and, furthermore, that one of them is dependent for its activation on the presence of Ig during priming. Evidence to support both of these points will be presented. Thus, we contend that one helper T cell recognizes antigen in association with I-region encoded structures, and the other recognizes antigen in association with Ig. The two
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with (17) . In the second, conventionally raised mice were used and were treated with goat anti-M chain globulin (18) . In the third experiment, CBA/H mice were injected from birth with rabbit anti-c chain serum according to Murgita et al. (16) . The mice were immunized at 6 weeks of age and tested 1 week later.
Immunization. Spleen cell donors were primed with 10,tg of ovalbumin or 100 jig of Dnp6-hemocyanin as described (15) .
Adoptive Transfers. These were carried out as described (3, (13) (14) (15) boosting ( Fig. 2A) 
DISCUSSION
The data presented here strongly support the hypothesis put forward in the introduction to this paper: that optimal help for B cell responses to antigen involves the synergistic action of two types of carrier-specific mature helper T cells that differ in that one recognizes antigen in association with Ig molecules and the other presumably recognizes antigen in association with Iregion encoded structures (4) (5) (6) . Their synergistic interaction probably takes place on the surface of a hapten-specific B cell to which the hapten-carrier complex is bound via the B cell's intrinsic Ig receptor. On the other hand, priming of each of these classes of helper T cells probably occurs at the surface of an antigen-binding macrophage. Both B cells and macrophages bear surface Ig and I-region encoded structures. An alternative explanation for the results in experiments using anti-,u treated mice would be that T cells express surface Ig molecules, either actively synthesized or passively acquired. This seems unlikely, because spleen cells passed through Iganti-Ig columns to remove surface Ig-bearing cells did not differ in slope or activity per T cell from the spleen population from which they were derived.
The data with anti-A treated mice are analogous to those of other investigators using different systems. Herzenberg et al. (8) treated mice with anti-allotype antibody at birth, and such mice lost the ability to produce T helper cells for antibody of that allotype. This is also true of helper cells from mice lacking the same allotype for genetic reasons (8) . Furthermore, when they eliminated the allotype-specific help from a carrierprimed spleen T cell population and then added that population to a small number of untreated carrier-primed helper T cells, more help for allotype than predicted was found (see bottom line of table 6 in ref. 8 ). This finding is similar to that in Table  2 of this paper.
Another example is the recent work of Ward and Cantor (12) , who blocked the immunization of helper cells for an inherited antiarsonate idiotype (20) by treating the helper donors with anti-idiotype shortly before carrier priming. Again, adding such idiotype-negative helper T cells to helper T cells from nonsuppressed, carrier-primed spleen cells led to a significantly greater production of idiotypic antibody than would be predicted by addition of the idiotypic antibody response given by either population transferred alone. Thus, when helper T cell donor mice lack Ig (these experiments), the entire response is reduced; when they lack an allotype, the antibody response of that allotype is reduced; and when they lack an idiotype, the response of that idiotype is reduced. In all cases, adding the defective T cells to carrier-primed T cells from control mice leads to synergistic increases in just that portion of the response that has been eliminated by anti-Ig treatment of the T helper cell donor.
Several points need further clarification. We have only indirect evidence that both T helper cells are carrier-specific. It is possible that the Ig-dependent T helper cell is specific only for Ig, and that it arises in response to the Ig production induced by carrier priming. This seems unlikely, because both activities are fully present 7 days after priming and remain essentially unchanged for at least 100 days. However, it can be tested by combining helper cells from anti-4 treated mice primed to one carrier with helper spleen cells from control mice primed with a second carrier and testing for synergy. This can be more precisely tested in the system described by Ward and Cantor (12) , in which production of the idiotype in question is not induced by carrier priming and in which any carrier can lead to the induction of idiotype formation, suggesting that the T helper cell specific for the idiotype does not arise solely in response to Ig or idiotype production induced by carrier priming.
A second experimental goal is to deplete the other helper T cell activity, which we believe is specific for antigen seen in association with I-region encoded structures. This might be done by educating T cells in the presence of one major histocompatibility complex and testing them with B cells of a different one. Cells so tested might synergize with helper cells serived from anti-Ii treated mice. Also, one might attempt to reconstitute the defect in anti-p treated mice with passive antibody or with antibody adsorbed to macrophages. Finally, it would be of value to type both T helper cells for surface Ly antigens and for the presence of Ta antigenic specificities. Because Ward and Cantor (12) used anti-Ly-2,3-treated T cells in their experiments, we would expect both cells to be Ly-1+, Ly-2,3-. This is especially so because these authors found parabolic dose-response curves with Ly-1+, Ly-2,3-helper cells; parabolic curves become straight lines with slopes around 2 when logarithm-transformed.
Also, if one of these two T helper cells were Ia positive and the other Ta negative, it might explain some of the confusion about the Ta antigen status of helper T cells (21) .
Underlying our hypothesis is the notion that T cells respond to antigen in association with a second, self-derived, cell surface marker. Those that have so far been clearly defined are Ig, Iregion encoded structures, and the classical serologically defined histocompatibility antigens called K and D in the mouse. These arguments have been summarized in anumber of recent papers and possible explanations for these findings have been proposed (6, (22) (23) (24) . By suggesting that the regulation of the quality of the antibody response is a function of a class of T cells specific for the antigen seen in association with Ig and that these cells are distinct from, and can act synergistically with, T cells specific for antigen seen in association with I-region encoded structures, the number of distinct specificities per T cell can be held to two (or one, if one argues that a single receptor recognizes the specific complex of antigen plus Ig or I-region encoded structure). This hypothesis would also explain our finding, which was previously puzzling to us, that there appear to be two synergizing, mature, carrier-specific, helper T cells in carrier-primed spleen (3).
